Chemical agents have been employed in pest control for centuries, but during the second half of the nineteenth century their use intensified considerably. The increasing international commerce of seeds and crops, the expansion of monoculture across the planet, and the new modes of circulation provided by the new motorized transports (trains, cars, modern ships) led to a global spread of new pests, which explains, at least in part, the intensification of the use of chemical pesticides in agriculture. At the turn of the twentieth century, the use of arsenic compounds, copper salts and nicotine extracts was already a common practice in many parts of the world. Moreover, these agents were part of the processes of specialization and intensification in agriculture, which introduced new forms of land ownership and mechanized production and also expanded the modes of irrigation, the use of agrochemicals such as synthetic fertilizers and herbicides, and plant breeding techniques. Since the end of the World War II, synthetic pesticides have been essential elements of the intensification of agriculture and the so-called
challenged by Carson's opponents. A large group of authors, including many climate change deniers, have attacked her legacy, blaming her (and other critics of the pesticide treadmill) for the terrible consequences of banning DDT, using dramatic images of famines and epidemic outbreaks in the Third World to advance their own agendas. The anti-Carson revisionists have exploited the case as evidence of the evils of regulation and its damaging effects on free markets. The persistent controversy sheds light on the complex mixture of politics, mass media, economic interests and technoscience that shapes the public debate on pesticides. 5 The current issue of HoST revisits these dominant narratives and offers fresh perspectives by approaching pesticides from less frequently studied angles, chronologies, and geographies. Specifically, it focuses on the first half of the twentieth century -before the publication of Rachel Carson's Silent Spring, in 1962 --and on two countries, Spain and Norway, both of which are located in peripheral regions of Europe and are scarcely mentioned in the master narratives. In this volume, these two very different social and environmental contexts are put side by side and the practices at stake analysed in detail. By shifting the perspective on pesticides in terms of chemicals, protagonists, time and space, this issue aims to contribute to rewriting the current narratives on pesticides while at the same time broadening our understanding of how these chemicals became so irreversibly inscribed in contemporary societies.
The papers in this special issue explore different actors, contexts, products, risks and social and environmental conflicts. In the first paper, Anne Jorunn Frøyen studies the years between 1933 and 1953, when legislation regulating the use of pesticides against insects and weeds was established in Norway. By analysing how knowledge of the effects of pesticides circulated among Norwegian beekeepers and their networks, she suggests that the actors' positions and standings influenced the knowledge they put into circulation and the knowledge they suppressed. The second paper, by Ximo Guillem-Llobat, investigates the introduction of hydrogen cyanide in the region of Valencia during the first decades of the twentieth century. Focusing on the perceptions of the safety of workers and consumers, the author follows this chemical which was relevant not only in Spanish agriculture but also in warfare, poisoning crimes and urban hygiene. In the third paper, José Ramón Bertomeu-Sánchez explores similar connections by analysing the mass introduction of lead arsenate in Spanish agriculture during the early 1940s and its collateral consequences in terms of criminal murders, food poisoning accidents and toxic exposure of farmworkers and rural communities. He regards arsenical pesticides as sociotechnological products which played a pivotal role in the joint establishment of both chemical-based agriculture and the emerging Francoist regime in Spain during the 1940s. The fourth paper, by May-Brith Ohman Nielsen, which will be published in the next issue, investigates how the new synthetic pesticides were introduced and forced upon Scandinavian gardeners between 1942 and 1953. She studies several gardeners' associations and their magazines in Norway, Denmark and Sweden in connection to the pesticide industry, and the expert communities and the regulatory agencies involved. In so doing, Ohman Nielsen tracks the circulation of information supporting the extensive use of pesticides, not only to professional gardeners, fruit farmers and park keepers, but also to amateur family gardeners and allotment gardeners, thus encouraging the acceptance of pesticides among regular Scandinavian citizens. 6 Finally, in this introduction to the special issue, I review the recent historical scholarship with the aim of offering a general context for the four case-studies. The review covers issues discussed in recent historical studies and analyzed in the four papers at the due local contexts: the sociomaterial agency of pesticides other than DDT, their different uses and risks, the coproduction of the pesticide treadmill and different political regimes, the global circulation of pests and pesticides, the fragmentation and inefficiency of the regulations, the role of different expert communities and regulatory agencies, and the resistance of victims and activists. By crossing the borders of different academic lines, I call for a multifaceted approach to pesticides (in past and present) as both material and political entities. 
Before and after DDT
Pesticides are commonly regarded as substances used to control organisms such as insects, fungi, weeds, and microbes that destroy plants, particularly those for food production. They are also used for many other purposes, from public health campaigns against vector insects that cause devastating diseases such as malaria, typhus and dengue, to urban fumigation for hygienic purposes or home spraying to eliminate annoying bugs. Today, a huge number of substances are employed as pesticides. The earliest pesticides included mineral compounds and extracts of natural products such as tobacco, chrysanthemum flower, or derris root. During the second half of the nineteenth century, new products were introduced such as copper fungicides (the most famous being the Bordeaux mixture of copper sulphate and calcium hydroxide) and arsenic compounds (Paris Green and calcium and lead arsenate), which maintained their predominance until the first third of the twentieth century. 8 In a popular book written at the end of the nineteenth century, a horticulturalist of the New York State Agricultural Experiment 6 The paper of May-Brith Ohman Nielsen was meant to be included in this issue but unfortunately, due to unforeseen circumstances, the author was not able to submit her piece in time. It will be published in the next issue -see HoST 13, no. 2, December 2019. I would like to express my gratitude to professors Guillem and Ohman-Nielsen for their valuable comments on this introduction. 7 I would like to thank all the contributors, including the journal editors and the anonymous referees, for their continued support to this project. 8 Station named Ernest Londeman (1867-1896) summarized recent advances in the "application of liquids and powers to plants for the purpose of destroying insects and fungi." The book was prefaced by Beverly Thomas Galloway (1863-1938), chief of the division of vegetable pathology at the US Department of Agriculture, and author of pioneering models of knapsack sprayers. He described the "rapid advance" in pest control as "almost a revolution in certain lines of agriculture," but he affirmed that perhaps things "had gone forward too fast" and that some "important fundamental questions" had been overlooked. 9 Many late nineteenthcentury entomologists harboured mixed feelings about the pesticide revolution, in part because it marginalized other methods of pest control. Research into biological techniques continued at many experimental stations and was successfully introduced in agriculture. The director of the US Bureau of Entomology, Charles V. Riley, championed these biological methods before his death in 1895. 10 However, his successor, Leland O. Howard, favoured the new chemical methods and played a central role in their popularization all over the world, as shown in the examples included in this volume.
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In the early 1940s, just before the massive arrival of the new organic pesticides, a popular textbook summarized the properties of more than a hundred products classified according to their uses and modes of action. The most important group were insecticides, divided into stomach poisons (basically, the arsenic group) and contact insecticides (rotenone, hellebore, pyrethrum, nicotine, oils and the new DDT). The other large groups were fungicides, basically including sulphur and copper compounds, of which the Bordeaux mixture was the most important. Other chemicals mentioned were employed as repellents, weed killers or for rodent control. A full section was devoted to spray equipment: atomizers, dusters, compressed-air sprayers, bucket pumps, knapsack or wheelbarrow sprayers, and various apparatuses conceived for use in cars, tractors, and aeroplanes. Finally, a section on "new chemicals" summarized the new substances whose pesticidal virtues had been discovered in recent years, most of them synthesized organic substances. DDT was perhaps the most successful new chemical of all. It had been synthesized many decades before, but its pesticidal properties only came to be employed in the early 1940s thanks to the studies of Paul Müller at the Geigy laboratories in Switzerland. 13 DDT was first used in military campaigns in Italy, against vector insects producing typhus and malaria. The Rockefeller Foundation promoted these campaigns and supported the introduction of DDT in both public health and agriculture in Latin America and Europe.
14 In 1953, the World Health Organization (WHO) launched a large-scale malaria eradication programme in Africa, based on the use of DDT. The global circulation of DDT during the 1950s and 1960s was due to the work of transnational institutions and the geopolitical strategies of the Cold War along with the involvement of chemical industry, intensive monoculture farming, media outlets, foreign policy officials and the network of experts who championed its use in both public health and pest control. 15 Thanks to these campaigns, DDT came to be represented as the triumph of modern technology over pests and disease. The philanthropic discourse, along with the urgency for food and health created by war, meant that the first toxicological studies indicating its noxious effects on mammals and other wildlife were ignored. Its positive image encouraged its use in urban sanitary campaigns and in households in the United States in the mid-twentieth century; it also prompted a technocratic discourse based on the dream of controlling nature (both pests and illnesses) by means of chemicals. The appeal of DDT favoured the embrace of other synthetic pesticides along with the marginalization of other forms of pest control and the silencing of critical voices and precautionary tales. 16 And yet, the "love story" between humans and DDT was not as straightforward as the standard account might suggest. Many toxicological studies of DDT were carried out soon after its introduction in the 1940s, offering substantial experimental evidence of the chemical's potential danger to mammals. Not only experts were sceptical about the innocuous nature of the new pesticides; in fact, large amounts were invested in publicity campaigns to convince the public that DDT was safe and was suitable for use in fields, in homes or in hospitals. 17 For decades, many farmers relied on alternative methods of pest control, either due to their proved efficiency, or for economic reasons. The growing evidence of insect resistance raised further doubts about the value of pesticides as new methods of integrated pest control gained momentum in the late 1960s. The mass use of DDT in public health also aroused strong criticism from those who supported other forms of dealing with epidemics and who advocated caution regarding crude insecticide-based eradication methods, stressing the complex interaction between chemicals, insects, humans and the environment.
18
In spite of its critics, DDT and many other organic compounds were introduced during the 1940s and 1950s. Among the organochlorine groups, another important chemical was lindane, a hexachlorocyclohexane isomer, which was used in agriculture and personal hygiene (against lice). Like many other persistent organic pollutants, lindane was banned in many countries during the 2000s, but its long-term effects continue to pose an environmental problem in many areas. Another example is the herbicide 2,4-dichlorophenoxyacetic acid (usually called 2,4-D) was related to the dioxin group and to Agent Orange used in the Vietnam war. As in other cases related to toxic products, scientists initially disagreed regarding its health hazards, but in the 1980s it was finally classified as a possible carcinogen to humans. Further studies 16 showed that, when released in rivers, it produced degradation products which are highly toxic to aquatic life. 19 In contrast to organochlorine pesticides, which were regarded as persistent pollutants in bodies or the environment, organophosphate chemicals such as parathion were found to be rapidly hydrolysed and degraded, and so toxicologists concluded that they presented a lower risk of food poisoning or long-term contamination of rivers and soils. However, several studies in the 1950s and 1960s confirmed that they were very dangerous to farmworkers and rural communities because they caused cholinesterase inhibition, and thus affected the functioning of the neurological system. In fact, organophosphate chemicals were first studied by German scientists working for I.G. Farben as potential nerve agents for use in warfare; the results were the infamous chemicals called tabun and sarin, whose production started in Germany in the late 1930s, many years before organophosphates were employed in pest control. 20 The association between pesticides and warfare is not limited to these cases, as several papers included in this volume note (in particular, Guillem's study of cyanide compounds). Further connections have been stressed by historians in terms of shared materials, discourses, institutions, and experts. Some industries developed both chemical weapons and pesticides, sometimes employing similar technologies, raw materials, and human teams. Many expressions used in pesticide advertising also bear striking similarities to military metaphors: "war against insects," "extermination," "menace," "invasion," and so on. 21 The impact of pesticides on human health and the environment depends not only on their active ingredients but also on the equipment used in their application. In the early twentieth century, many methods for spraying were available, using manually operated pumps and barrels either transported by the farmers or mounted on horse-drawn carts. Various kinds of nozzles, tanks, dusters and sprayers were also produced in order to enable users to adjust the flow rate and the stream. 22 The introduction of aerial spraying in the 1920s opened up new possibilities for treating large monoculture fields as well as for public health campaigns against José Ramón Bertomeu-Sánchez vector insects, or for military operations which involved the deforestation of huge areas.
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Examples of the latter include the use of Agent Orange during the Vietnam war, which not only caused dramatic environmental damage but also had devastating effects on the health of both military troops and rural communities -effects that lasted for decades, and were never medically treated or compensated in any way. 24 Another example is the aerial fumigation of coca fields in Colombia as part of the US war on drug traffic, in which poor rural communities were exposed to large amounts of sprayed glyphosate. The spraying affected not just the targeted illegal plants, but many legally grown crops and cattle. The environmental impact sparked strong public resistance, and the Colombian government stopped the aerial fumigations in the mid-2000s. However, new attempts to resume the spraying have been made in recent years.
25

Uses and risks
As the papers included in this issue show, the use of pesticides in agriculture created many problems. The extent to which these problems were made visible depended on the nature of the products, the stakeholders, the domestic and international regulations, and the processes of pesticide production, transportation and usage. Three different groups of problems have been stressed in the literature: exposure to toxins among industrial workers, farmers and rural communities; residues in food and groundwater; and damage to wild fauna and the environment in general.
While the health problems caused by new products such as DDT could remain invisible for years, other pesticides had been well known as poisons since ancient times and their toxic burden could hardly be ignored. Arsenic compounds, for example, had been widely employed over centuries for criminal purposes. Nineteenth-century toxicologists developed many ways to detect them in corpses in order to be able to present reliable evidence in court. 26 These methods, however, could not be applied in the chronic poisoning produced by the exposure to low doses of pesticides in agriculture; their clinical effects were less conspicuous than in acute poisoning crimes. In contrast to the vast amount of data gathered by judges during criminal trials, medical records on peasants' health were scarce, incomplete, or unavailable.
The problem proved to be a persistent one: in 1990, a large group of WHO experts recognized that there was "a general lack of epidemiological data on the impact of pesticides on human health." The authors mentioned only a few evaluations of the long-term effects of pesticides in workers occupationally exposed to these chemicals, in rural populations situated in areas of intensive pesticide use or in food consumers affected by pesticide residues.
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The dramatic poisoning effects of cyanide compounds were already well known when they were first used in agriculture at the beginning of the twentieth century. Like arsenic, cyanide compounds were employed for criminal purposes and chemical warfare but, in contrast to arsenic and DDT, their main hazards were the potential for accidents during the preparation of the products and fumigation. Tracing these accidents, Guillem's article in this issue reviews how hydrogen cyanide fumigations were adopted in Valencia thanks to the appropriation of methods developed in California at the beginning of the twentieth century. He shows how the Spanish standards for occupational accidents were conceived to apply to physical injuries rather than to acute intoxications (as happened with cyanide compounds) and even less to chronic poisoning, which is related to pesticides based on arsenic, DDT, organophosphate compounds, and so on. Guillem also describes the training programmes for the safe use of cyanide which were even more intensive than other courses on arsenic pesticides for farmers, taught by agricultural engineers and mentioned in the other two papers. Other studies have shown that these courses could provide protection guidelines for the farmworkers at risk, but they also served to encourage intensive use of pesticides while marginalizing other forms of pest control and other alternatives to toxic exposures. The "safe-use approach" also tends to place the responsibility on the shoulders of the poisoned farmworkers who are blamed for their careless use of equipment and products. 28 Occupational poisoning in agriculture was invisibilized for other reasons as well. While new tools such as cholinesterase testing were introduced in the 1950s to detect chronic poisoning, the issue was always regarded as a minor question affecting only a small group of farmworkers. The problem could not be dealt by adopting the dominant approach to the control of toxic hazards in workplaces during the twentieth century: the framework based on threshold limit values (TLVs), that is, the concentrations of chemicals that industrial hygienists regarded as safe for workers. Apart from their intrinsic problems (only a small number of chemicals José Ramón Bertomeu-Sánchez The example of cyanide confirms that the manufacture and transportation of a pesticide was a further source of hazard, sometimes neglected in public debates. Pesticide production involves risks for industrial workers and the communities living nearby due to everyday pollution or dramatic accidents. 30 In fact, some of the worst accidents in the chemical industry were related to products connected in some way to pesticide manufacturing, transport or storage. In Italy, in July 1976, the ICMESA chemical plant in Seveso released a toxic cloud of dioxin which affected thousands of people. The chemical reactor at the plant synthesized trichlorophenol, an intermediate substance in the production of cosmetic disinfectants and also organochlorine herbicides. The accident became a symbol of the European environmentalist struggle and gave rise to the safety regulations known as the Seveso directives. 31 The Basel Convention also recalls the chemical spill at the Sandoz agrochemical warehouse in November 1986, which resulted in massive air pollution, soil contamination and the discharge of tonnes of organophosphate insecticides and fungicides into the Rhine. 32 The most infamous accident took place in Bhopal in a pesticide plant (owned by Union Carbide) in December 1984, when a leak of methyl isocyanate gas affected tens of thousands of people. assistance, and in gaining compensation after the trials, since the national and international regulations favoured the interests of multinational corporations. 33 Three more tragic accidents have been recorded in the Mexican pesticide industry during the last three decades, in the Anaversa industry in Córdoba (May 1991), the Teckhem warehouse in Salamanca (September 2000) and the Dragón factory in Izúcar de Matamoros (March 2010). In all three instances, dangerous pollutants were released into the air, soil and water, affecting workers and thousands of residents in the area. 34 Poisoning accidents have also been produced by pesticide residues in food and have caused widespread social alarm. Perhaps the most famous case of mass arsenic poisoning took place in Manchester at the beginning of the twentieth century, when a consignment of arseniclaced beer caused a large number of neuropathological disorders. A special Royal Commission was created and its members wrote a long report, including guidelines for avoiding further cases, but these recommendations were never fully enforced. 35 In other cases, the detection of arsenic in food or drinks was employed as part of commercial strategies related to the control of international food trade. When arsenic was detected in American apples in the 1920s, British producers launched a public debate and recommended the consumption of local fruit. Several expert commissions were set up and a threshold value was suggested for the safe amounts of arsenic in food.
36 Another large case of poisoning involved wine shipped from Spain to France, which sparked another debate on the sources of arsenic poisoning and the safe limits to be allowed in food and drink. 37 Ever since then, pesticide residues in food and groundwater have been among the most important sources of contention for activists concerned with the intensive use of pesticides.
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The effects of pesticides on the environment also raised concern, particularly the damage to wildlife, birds, and bees. The article by Frøyen in this issue confirms that these problems were noted from the very beginning of the use of arsenical pesticides, particularly by beekeepers who feared that their business might be seriously affected. Focusing on early twentieth-century Norway, Frøyen offers fresh perspectives on the problem by describing how these issues were perceived and handled by different historical actors: agriculture engineers, beekeepers, policy-makers, journalists, and so on. The problems were compounded by the introduction of hundreds of new synthetic products after the World War II. Today, the damage to wildlife is undisputed. In the case of bees, a group of US scientists discovered in mid-2000s what they called the Colony Collapse Disorder (CCD), which reduced colonies by between 30 and 90 percent. Further evidence has also been obtained concerning the parallel declines in wild pollinators and pollinator-dependent plants. 39 Not only bees but other insect populations as well are declining at such high rates that some entomologists fear that this may lead to the extinction of about 40 percent of the insect species over the next few decades, in what has been termed the "insect apocalypse." Paradoxically, pesticides -substances introduced to maximize crop production -have placed in great jeopardy the organisms that are needed for producing crops.
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Coproduction and global circulation
Like silk worms and cochineal insects, bees have been exploited for economic purposes since ancient times. Their image contrasts with that of other insects regarded as pests which have to be destroyed or at least controlled. Indeed, cultural perceptions of the relationship between insects and humans have played an important role in the development of pest control management. Particular bugs can generate pest alarms in some contexts, but are regarded as harmless or even beneficial in other places or historical moments. These perceptions change over time; they are also locally specific, and are sometimes embedded in more general cultural values related to gender, class or ethnicity. The social materiality of pesticides has also to be understood in these changing environmental and social contexts. Social perceptions of the risks posed by pests and pesticides can be substantially shaped by government campaigns, agriculture extension courses, or industry publicity. In fact, image advertising was particularly powerful in the introduction of new pesticides such as DDT. 41 The mass media can also help victims to make their claims, or can encourage activism against extreme pesticide usage. 42 In other cases, newspapers, documentaries or horror movies (such as "Them") can stir up fear of bug invasions and stimulate public action in pest control, frequently in connection with broader social imaginaries. Extreme examples are popular books such as Bugs or People, in which Wheeler McMillen claimed that spraying was a powerful antidote to both hunger and communism. 43 The changing interspecies relations between insects and humans are connected to shifting social and ecological conditions. For instance, new forms of agriculture (such as large-scale monoculture) created radically different environmental conditions by the early twentieth century in terms of the expansion of pests. 44 These conditions also affected the methods of pest control. The "Green Revolution," which prompted the extensive use of chemicals in agriculture, began to develop during the golden years of twentieth-century capitalism. The result was a regime of crop production based on agronomic technoscience (new seeds, heavy machinery, extended irrigation, intensive use of chemical fertilizers and pesticides); it supported the interests of capital-intensive farms, export agriculture, and urban elites and rejected the demands of traditional people regarding food security and long-term ecological stability. At the same time, intensive pesticide use generated frequent ecological crises which in turn fuelled economic and social problems, including land concentration, farmer impoverishment and displacement of rural communities, in addition to the poisoning exposure discussed in other parts of this paper. 45 In the last decades of the twentieth century, making the most of the opportunities offered by capitalist globalization, many pesticide industries moved to countries with less stringent regulations on occupational and environmental hazards, where products banned in other countries are still allowed and the costs of safety norms can be substantially reduced or even circumvented. 46 However, pesticide use is far from being restricted to capitalist countries. Italy are further examples of agrarian policies in which agrochemicals and plant breeding played an important role in the attempts to impose autarky. 47 The composition of the pesticide industry (comprising multinational corporations, local manufacture, state companies, etc.) is another important issue. For instance, after the 1950s, the most important producer of agrochemicals in Mexico was a state industry (Guanomex), and so the Mexican government was at the same time the regulator and the owner of the pesticide industry. 48 In African countries such as Ghana, the combination of powerful multinational corporations and weak and changing governments has prompted public inaction in pesticide control, with serious consequences in water pollution, food contamination, and accumulation of toxic compounds in farmers' bodies, representing "a worst-case example of the problems of the use of pesticides in vegetable production." 49 In the Soviet Union, many chemical weapons plants were reassigned to pesticide production in the 1960s. The scale of pesticide application was intensive and the public health consequences were so serious that an extraordinary amount of research was performed on the impact of pesticide use. The results were kept secret until the 1990s. When the information was released, its analysis showed that "during the period of very high pesticide use, one out of every ten people who worked with pesticides was seriously ill." The authors of the report affirmed that "tens of millions of inhabitants of the Soviet Union suffered pesticide overexposure for many years and inevitably were acutely or chronically poisoned." 50 In contrast, in socialist China several circumstances favoured alternative methods of pest control in the 1960s: the small scale of the pesticide industry and the limited access to the international trade of chemicals; autarky policies aimed at achieving self-sufficiency in terms of pest control; and the emphasis on mass mobilization, both as a political goal during the Mao years and as a forced response to the material and social circumstances when agricultural labour was abundant and agrochemicals scarce. These features were politically mobilized during the visit of several US entomologists to China in the mid-1970s and influenced the writings of Robert van den Bosch, who praised the country's pioneering integrated pest control programmes. The language of coproduction is frequently used to talk about pest control management and political regimes. The papers included in this volume are no exception. Though they focus on local cases, the authors highlight many transnational factors related to the pesticide industry, agrarian technologies, crop production and expert exchanges. While control campaigns are organized at local and national levels, pests are basically transnational. Many outbreaks have been accidentally caused by travel, international trade or war -sometimes with dramatic consequences like famine or epidemics in distant countries. Pesticides also disregard political boundaries. They drift through the air, settle in water and soils, and enter the bodies of animals and humans living in regions far from their sites of production and use. Persistent organic pollutants and their degradation products can be detected, for instance, in the bodies of Inuit communities who have never used agrochemicals. 52 Moreover, pesticides are transported by the international trade of crops, producing the so-called "circle of poison": for instance, organochlorine pesticides such as DDT, whose use has been banned in developed nations, were sold to countries with less strict regulations, and returned to the First World by means of food imports thanks to the expansion of global trade. 53 Again, the effects are multipolar and complex. When consumers in rich countries grew alarmed, new pesticides were introduced in Third World agriculture -agents that produced fewer residues in food but were more dangerous for farmworkers and local communities.
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Fragmented regulations
The transnational character of pests and pesticides was one of the reasons for the first attempts to introduce international regulation. Changing social perceptions also played their role in the emergence of early national regulations in the pesticide industry. Late nineteenth-century pest alarms called for control measures, and encouraged the use of pesticides. Some of the first laws at the national level were designed to prevent adulteration and fraud in the growing pesticide market. national level. 55 The other area of regulation was the residues in food. The pioneering work of Harvey W. Willey in the United States on food quality, and the poisoning scares with drinks and fruit during the 1920s mentioned above, paved the way for the Food, Drug and Cosmetic Act (1938), which imposed limits on the amounts of pesticide residues in food. Finally, in the 1970s new regulations were passed in order to meet the demands of environmental groups, which led to the banning of several products. 56 The capacity of governments to regulate the hazards of the production and use of hazardous chemicals was limited, and the effects of the new regulations difficult to assess. While arsenic residues were limited in crops, arsenical herbicides (such as cacodylic acid) were used extensively, from golf courses to cotton fields. They were also widely used in the production of wood preservatives. 57 The banning of organochlorine chemicals such as DDT in the 1970s provided commercial advantages for producers of organophosphate and carbamate pesticides, whose use soared during the following decades, but it brought in new kinds of risks for industrial and agriculture workers as well as for consumers, especially children. The growing number of active substances, the variety of uses, the range of risks and the growth of international trade in the second half of the twentieth century posed real challenges for regulators at the international level.
One of the first international actions was related to the labelling of pesticides. As early as 1951, the World Health Assembly passed a resolution on the dangers for workers using pesticides and noted the great variation in the regulations in force in different countries. The expert reports produced in those years alerted that the dangers affected not only the farmers using these products but also the workers in industries that produced dangerous pesticides as well as the surrounding communities. 58 The WHO and the Food and Agriculture Organization (FAO) published several joint reports on these issues during the 1950s. During the 1960s and 1970s, two issues prompted international regulation: pesticide residues in crops, particularly those imported from Third World countries, and synthetic organic pesticides, which had become permanent pollutants moving all over the world. standards. With experts from both institutions, a committee on pesticide residues was set up in the mid-1960s to deal with the study of acceptable levels in food to be incorporated into the Codex and implemented in national regulations. The role of the Codex changed substantially when the World Trade Organization (WTO) decided to adopt its standards in the mid-1990s. Policy makers used the epistemic authority of the Codex standards to harmonize consumer and environmental hazards in the midst of the expansion of the international food trade. But the main goal was not so much the protection of public or occupational health as economic efficiency (as it was conceived by WTO officials). 59 Growing attention to environmental issues culminated in the creation of the UN Environment Programme in the 1970s. An agreement of three UN bodies (UNEP, ILO and WHO) created the International Programme on Chemical Safety at the end of the decade. 60 The Basel (1989) and Rotterdam (1998) conventions introduced further regulations concerning the transnational trading of chemical pollutants. The main result concerning pesticides in the ensuing years was the Stockholm Convention on Persistent Organic Pollutants (POPs), which was adopted in 2001 and came into force as a global treaty in 2004. Most of the "dirty dozen" POPs included in the treaty were pesticides (DDT, aldrin, chlordane, heptachlor dieldrin, endrin, mirex, and toxaphene) with the aim of ceasing their production, use and trade. Other pesticides (for instance, hexachlorocyclohexane) were not included in the list, after extensive negotiations with reluctant governments. As for DDT, its use was accepted for disease vector control, particularly against malaria, and an expert committee was created to explore alternative methods. The committee held its seventh meeting in Geneva in November 2018. Another expert group was created to study new substances to be included in the list. The molecule-by-molecule approach involved the assessment of the persistence, bioaccumulation, environmental transport and adverse effects of each product. A list of 16 new chemicals were added during the 2010s, including high-usage pesticides such as isomers of hexachlorocyclohexane (lindane), chlordecone, endosulfan and pentachlorophenol. 61 The European Community's (EC) directives on pesticide use took shape during the late 1970s, a period which coincided with several of the key developments associated with the FAO's pesticide programmes and the Organisation for Economic Co-operation and Development's (OECD) chemical testing programmes. The sixth amendment, which was similar to the US Toxic Substances Control Act, established an inventory of existing chemicals and required a risk assessment for new chemicals prior to their being placed on the market. 62 The new 1991 directive (91/414/EEC) introduced a dual authorization system: active substances were authorized at the level of the EC, while pesticide products were authorized at the national level. New attempts at harmonization were introduced when the European Union (EU) Regulation (1107/2009) came into force. However, these attempts faced a series of obstacles: the striking differences in pesticide use among European countries, the restrictions on the enforcement of EU regulations at national level, and the limited availability of alternatives to toxic pesticides in the national markets. 63 A recent analysis of water samples in a number of European rivers and canals confirmed the presence of a hundred different pesticides, one-fifth of which have been banned in the EU for years. 64 This brief review bears witness to the variety of the agencies regulating pesticides at national and international levels. This disparate array of legal structures, administrative procedures, treaties, information systems and convention standards has been dubbed the "molecular bureaucracy." 65 Moreover, its components have changed over time, producing chaotic and inefficient results. Reviewing national and international regulations on toxic products over the last two centuries, Soraya Boudia and Nathalie Jas have attempted to organize them around different "modes of governance of risks": that is, ways in which "scientists, experts, public authorities, industry and activists think, conceive and manage the hazards of poisons," including pesticides. They claim that three modes of governance (by regulations, by risks and by adaptation) have appeared during the twentieth century. Rather than being replaced by each other, these modes have coexisted and produced hybrid situations in which very different conceptions and norms are at work, frequently opening up new opportunities to polluters seeking to escape regulation. 66 The assorted and fragmentary nature of the regulations concerning pesticides in occupational health, food quality or the environment is one of the main constraints on ensuring their effectiveness. This fragmentation also serves to conceal the political and economic interests pushing these regulations; in many cases, the main purpose behind regulation was to safeguard global crop trading, not to protect workers, consumers or the environment. 67 Inspired by economic agencies or think tanks committed to capitalist dogmas, the regulations have sometimes reinforced inequalities between different stakeholders: polluters, experts, victims, policy-makers and activists. These inequalities are related not only to economic and political power, but also to access to decision-making, the regulating agencies and the mass media. It also involves different agency in the production of knowledge and ignorance on the hazards of pesticides. 68 The recent decision of the European authorities concerning the herbicide glyphosate seems to be another example for future historians. The sudden changes of opinion of the decision-makers, along with the disregard for public debate and the strength of the lobbying by corporative powers, seems to confirm the views of van den Bosch regarding the "pesticide conspiracy," at least in terms of extreme imbalances between concerns for health and economic profit when dealing with pesticide regulation. Similar scandals have been reported in the first years of the Trump administration concerning the US Department of Agriculture (USDA) and the pesticides.
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Experts and agencies
The role of expert and advisory agencies is one of hottest topics in the studies on pesticides. As in other studies on experts, historians have noted the problems of selection, authority, trustworthiness, capture, and even corruption. Van den Bosch, himself a leading member of the expert community, claimed that specialists were corrupted by the government agencies and the chemical industry -that is, by the public and private institutions prompting the use of pesticides as the only method for pest control. He stated that "entomologists and other pest-control specialists were sucked into the vortex" of the pesticide treadmill, so for "an entire generation of researchers and teachers came to equate pest management with chemical control." 70 which they could develop their research programmes. This picture of experts "corrupted" by vested interest has been revised by subsequent historical studies. In his pioneering work on US economic entomologists, John Perkins explored perspectives other than the "corruption thesis" in search of more structural and invisible issues. Perkins discussed how the "socioeconomic organization of American farming" involved certain requirements of any successful pest control technology, thus favouring the use of pesticides.
71 A call for a more nuanced analysis was also made by Thomas R. Dunlap in his pioneering historical study on DDT in the United States. Dunlap concluded that the victory of DDT over other forms of pest control was the result of many disparate issues: the social and economic situation of American farmers, the forms of regulation of toxic risks, the support for scientific research into agricultural problems, and the private profits to be made from chemical insecticides. In this multifaceted context, Dunlap affirmed that economic entomologists "came to favour chemicals" because they offered a means of insect control that, "because it gave dramatic, quick results, helped establish the value of the profession to the farmer."
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In a similar vein, but relying on a comparative analysis between the United States and Canada, Paolo Palladino dismissed the idea that entomologists were "the victims of a terrible, corporate conspiracy." On the contrary, he regarded them as "active participants in the evolution of the insecticide crisis" because "not only did they exploit existing institutional formations to advance their goals," "they also helped to shape them" in ways that marginalized other forms of pest control. While accepting the role of the chemical industry in encouraging the pesticide treadmill, Palladino noted that "the success of insecticides also rested on farmers' and entomologists' shared beliefs in technological progress and the control of nature." How these social perceptions were constructed and became dominant in certain groups in particular temporal and spatial contexts is thus an interesting topic for research.
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The papers included in this volume offer evidence of other expert communities involved in this process in Europe. In the case of the two papers focusing on the Iberian Peninsula, the protagonists are the agricultural engineers involved in pest control campaigns, and how their interests were intertwined with those of other historical actors such as industry, governments, and political groups. The two papers dealing with Scandinavia include valuable information on the attitudes and responses towards pesticides in different expert communities. The Norwegian beekeepers studied by Frøyen were able to collect evidence on the damage caused to bees, but their results were marginalized by agricultural experts and their concerns were ignored by those 71 responsible for decision-making. Ohman Nielsen shows how these processes played out in the extensive arena of family gardening by analysing gardening associations and their membership magazines. Pesticide experts, gardening experts and industry instructed gardeners on the matters of pesticides. Her study shows that amateur gardeners had their own perceptions and their own agency, but most of them followed the experts' advice and often remained faithful to specific pesticide practices, even long after these products had been banned from the market.
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Recent studies on experts offer further possibilities to explore these connections: experts captured by industries, revolving doors between regulators and stakeholders, forms of coproduction of political and scientific realms, experts turned into activists or the other way around, or experts unaware of more invisible social structures promoting political inaction, or undone science, or both. These studies also show a broad spectrum of expert and lay voices with varying degrees of agency, authority, and trustworthiness. 75 In the midst of these complex interactions, the failure of regulatory agencies to prevent toxic risks has been noted in many studies, sometimes by expert insiders in a similar vein as van den Bosch. Evaggelos Vallianatos, who worked at the US Environmental Protection Agency's Office of Pesticide Programs, mentioned many examples from the 1980s and 1990s: conflicts of interest between regulators, industry-sponsored research along with large areas of undone science in epidemiology and toxicology of pesticides, politicians turned into de facto lobbyists for polluters, and even fake data produced by chemical laboratories under the control of industry. In spite of his gloomy portrayal, Vallianatos described many examples of successful control of pesticides, sometimes thanks to the heroic actions of experts and activists who joined forces in spite of the repressive measures taken against them in academic institutions or governmental agencies. 76 Making connections between experts and activists seems a crucial issue not only in order to ensure the success of campaigns against toxic exposures but also to construct socially-robust knowledge on pest control.
Victims and activists
Due to the fragmentation of the regulations and the inefficiency of the agencies, it is likely that many people were "legally poisoned" by pesticides. 78 The social distribution of toxic risks is far from egalitarian. Minorities, the poor and the marginalized are the groups most likely to be the victims of toxic exposures, either as workers in sprayed farms, consumers of bad quality food, or residents of areas affected by the deterioration of environmental conditions. Gender discrimination, social inequalities, racist prejudices, and toxic injustice go hand in hand in different political and economic geographies along with different forms of imperialism and global military domination. According to a recent UN report, "pesticides are responsible for an estimated 200,000 acute poisoning deaths each year, 99 percent of which occur in developing countries." It is more difficult to offer reliable numbers on people affected by long-term pesticide exposure. Current estimates range in millions per year, mostly affecting impoverished areas. 79 In spite of the failure of regulatory agencies and the unbalanced distribution of profits and costs, historical studies have rescued the voices of many groups that held out successfully against the "pesticide treadmill." The resistance included members of the expert communities (van den Bosch was an outstanding example), recalcitrant farmers (who opposed the imposition of modernization with agrochemicals), agricultural trade unions (concerned with accidents related to the use of pesticides), public health officials (like those who reported the poisoning accidents caused by lead arsenate in Bertomeu's paper), groups who suffered the ill-effects of pesticides (for instance their effect on the bee population, described in Frøyen's paper), as well as consumer associations, rural communities or environmental activists -each group with its own particular concerns, discourses, and forms of action. Activists and victims have also been able to devise new methods of data gathering and toxic evidence-making, which are aimed at enforcing reparative and transformative actions and alternative forms of justice. historical activism are in motion). 81 Moreover, the hazards caused by pesticides are usually imposed on marginalized groups, so we are unlikely to find their voices in government archives or other historical sources. Examples are the migrant farmworkers in northern Mexico, cotton workers in agribusiness in Central America, black farmers in the Mississippi Delta, Inuit women in Canada, Putumayo rural communities or the Norwegian and Spanish farmers and family gardeners described in the papers included in this volume. 82 Many of these poisoned victims left behind no medical or historical records. In the case of farmworkers, for instance, epidemiological data are lacking due both to their mobility and to the inadequacy of medical programmes. The result is a structural under-reporting of chronic pesticide poisoning which paradoxically legitimizes the risk assessment procedures in place and blocks or delays regulatory changes. 83 However, ethnographic analysis and oral history have proven to be excellent tools for recovering the victims' voices. In one of the most famous studies, Angus Wright reconstructed the silenced death of a mixteca farmworker, Ramón González, who passed away after being exposed to large doses of organophosphate pesticides. With the help of interviews and field research, Wright reviewed the broad array of issues that rendered the problem invisible: migrant populations of poor farmworkers, lack of concern/knowledge among occupational doctors, agriculture science programmes based on fake cost/benefits analysis, the macho culture of toxic hazard neglect, and the difficulties facing the different groups of victimsfarmworkers, rural communities, consumers, conservationists, etc. -in their attempts to launch joint action. The "modern agricultural dilemma" is rooted in the opposition between "the highly localized adaptations needed for ecological healthy agriculture and healthy, stable rural communities" and the "apparent requirements of rapidly industrializing nations and an expanding international economy." 84 Wright claimed not just that new technologies create social conflicts in agriculture, but also that conflicts encourage the selective development of certain technologies, such as organophosphate pesticides. By assuring that there is no alternative to pesticide use, the technocratic approach The review also confirms that, like other studies on toxic products, historians of pesticides have enlarged the range of protagonists and now include experts, decision-makers, activists, judges, industry managers, victims, and the pesticides themselves. They have explored the blurred and contested borders connecting science, medicine, economic interests and politics when portraying the spectrum of epistemological (and agnotological) practices connecting (or disconnecting) toxic exposures and health hazards. Using a range of sources and hard-to-access documents, they have shown the interplay between corporate strategies, agronomic research and state policies. While most of the studies have been confined to particular contexts, collaborative projects have flourished in recent years, thus encouraging comparative perspectives and occasional attempts to produce a global history of toxic hazards in different societies and historical moments. Avoiding simple conspiracy theories, historians have also analysed in sophisticated ways the interactions between discursive constructions, sociotechnological objects, expert knowledge, vested interests, activism and decision-making. And yet, the powerful narrative of van den Bosch serves to recall that pesticides are embedded in social conflicts marked by the striking asymmetries regarding epistemic tools, political power, economic resources and access to mass media.
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Thomas R. Dunlap concluded his study on DDT in the United States remarking that "for this kind of problems there is no scientific answer." 90 When talking about pesticides, political choices are at stake. In public debates, the most powerful groups can easily disregard the awkward conclusions of expert reports or, alternatively, silence the victims' voices by mobilizing the epistemological virtues of science. The studies reviewed suggest that history can be a powerful tool for rebalancing public debates on pesticides, while introducing fresh perspectives. Two difficulties seem to reduce the value of a historical analysis. First, the lack of master narratives competing with activist discourses and industry propaganda is a serious challenge to the attempts to turn fine-grained academic studies into food for thought in public arenas. Second, the literature on pesticides is affected by the evil of disaggregation, recalling, in a way, the fragmentation of the regulatory systems that limits the control on toxic products at national and international levels. Papers and books are published in a broad range of journals by authors from different academic disciplines. Following pesticides in different societies offers an opportunity to construct bridges between science studies and history of agriculture, while reinforcing the connection with studies on the history of public and occupational health 89 For recent reviews of the literature, see José Ramón Bertomeu-Sánchez and Ximo Guillem-Llobat, "Following poisons in society and culture (1800-2000): a review of current literature," Actes d'història de la ciència i de la tècnica 9 (2017): 9-36; Claas Kirchhelle, "Toxic Tales-Recent Histories of Pollution, Poisoning, and Pesticides (ca. 1800-2010)," NTM Zeitschrift für Geschichte der Wissenschaften, Technik und Medizin 26, no. 2 (2018): 213-29. 90 Dunlap, DDT, 245.
